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(57) ABSTRACT

In a semiconductor memory device, in addition to a sense
amplifier connected to bit lines of a memory cell array having
a plurality of memory cells 1n a disconnectable manner, the
sense amplifier performing confinement operation to discon-
nect the bit lines of the memory cell array and amplify a data
signal during data sense operation from the memory cells,
there 1s provided a timing adjustment circuit adjusting timing
related to confinement operation 1n the sense amplifier, so as
to allow adjusting of timing of the confinement operation and
setting of timing of the confinement operation.
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SEMICONDUCTOR MEMORY DEVICE AND
METHOD OF CONTROLLING TIMING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No. 2006-
258961, filed on Sep. 25, 2006, the entire contents of which

are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor memory
device and a method of controlling timing related to operation
thereof.

2. Description of the Related Art

Mimiaturization of semiconductor memory devices such as
DRAM (Dynamic Random Access Memory) 1s 1n progress
every year. As the minmiaturization proceeds, an inter-wiring
distance 1n a semiconductor memory device gets smaller and
hence coupling capacitance increases. This increase 1 cou-
pling capacitance can be a cause of malfunction due to noise.

Particularly in DRAMSs, since the area of a cell decreases
along with progress 1n miniaturization, an inter-wiring dis-
tance between bit lines connected to memory cells decreases
as well. As a result, capacitance between bit lines becomes
large, which increases possibility that malfunction occurs due
to noise 1n a sense amplifier while reading out data stored in
the memory cells.

As a method to avoid this problem, confinement type sense
amplifier operation 1s known (for example, refer to Japanese
Patent Application Laid-open Nos. Her 9-63266 and Hei
2-301097). The confinement type sense amplifier operation 1s
realized by connecting bit lines 1n a sense amplifier and bit
lines on a memory cell side to which memory cells are con-
nected via transier gates, and electrically disconnecting the
bit lines 1n the sense amplifier and the bit lines on the memory
cell side for a certain period of time when reading (sensing)
data from the memory cells.

Specifically, as shown 1n FIG. 10, a word line WL 1s
selected (time T11), and data stored 1n the memory cell 1s
outputted to the bit line. At this time, a control signal MUX for
the transier gate to connect the bit line 1n the sense amplifier
and the bit line on the memory cell side 1s at a high level
(hereinatter shown by “H”) and the transfer gate 1s 1n on state,
and thereby the bit lines BL0, /BL0 1n the sense amplifier and
the bit lines BL1, /BL1 on the memory cell side are con-
nected, respectively.

Thereafter, a sense amplifier activation signal LE 1s set to
“H” so as to activate the sense amplifier (time T12). At this
time, the control signal MUX for the transfer gates 1s changed
to a low level (heremafter shown by “L”) so as to turn the
transier gates to off state, thereby disconnecting the bit lines
BLO0, /BL0 1n the sense amplifier and the bit lines BLL1, /BL1
on the memory cell side. Accordingly, only amplification of
the bit lines BLO, /BL0 in the sense amplifier 1s performed
(see times T12 and T13).

After the amplification of the bit lines BL0, /BL0 1n the
sense amplifier 1s completed, the control signal MUX for the
transier gates are turned to “H” again so as to connect the bit
lines BLO, /BL0 1n the sense amplifier and the bit lines BL1,
/BL1 on the memory cell side (time T13). In this way, ampli-
fication results in the bit lines BLL0, /BL0 in the sense ampli-
fier are transmuitted to the bit lines BLL1, /BL1 on the memory
cell side, thereby restoring data 1n the memory cell. Subse-
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quently, the word line 1s turned to a non-selected state (time
114) so as to complete the operation. Note that in FIG. 10,
STN 1s a potential level of a storage node 1n the memory cell
(node connected to a capacitor constituting the memory cell).

By allowing the operation as described above, 1n the con-
finement type sense amplifier operation, when potentials on
the bit lines are amplified by the sense amplifier, an influence
of the capacitance between the bit lines on the memory cell
side no longer takes effect, and thus the occurrence of mal-
function due to noise can be suppressed.

However, 1n a semiconductor memory device which per-
forms the conventional confinement type sense amplifier
operation, the timing to start a confinement operation,
namely, the timing to turn the transier gates to oif state and
disconnect the bit lines in the sense amplifier and the bit lines
on the memory cell side 1s fixed. Accordingly, there are prob-
lems such that adjustment of deviation from optimum timing
generated by manufacturing variability or the like 1s not pos-
sible, adjustment to a severe timing in order to accelerate a
defect 1n evaluation/testing 1s not possible, and so on.

SUMMARY OF THE INVENTION

An object of the present invention 1s to make 1t possible to
adjust timing related to confinement operation 1n a semicon-
ductor memory device.

A semiconductor memory device according to the present
invention includes: a sense amplifier connected to bit lines of
a memory cell array having a plurality of memory cells 1n a
disconnectable manner, the sense amplifier performing con-
finement operation to disconnect the bit lines of the memory
cell array and amplify a data signal during data sense opera-
tion from the memory cells; and a timing adjustment circuit
adjusting timing related to confinement operation in the sense
amplifier.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a configuration example of a
semiconductor memory device according to an embodiment
ol the present invention;

FIG. 2 1s a circuit diagram showing a configuration of a
sense amplifier in this embodiment;

FIG. 3 1s a diagram showing a circuit configuration related
to timing adjustment of confinement operation in this
embodiment;

FIG. 4 1s a circuit diagram showing a configuration of an
MUX control circuit;

FIG. 5 1s a circuit diagram showing a configuration of a
timing adjustment circuit;

FIG. 6 1s a chart showing operational wavetforms of con-
finement type sense amplifier operation 1n this embodiment;

FIG. 7 1s a chart showing an example of a test tlow on the
semiconductor memory device in this embodiment;

FIG. 8 1s a circuit diagram showing another configuration
of the timing adjustment circuit;

FIG. 9 1s a circuit diagram showing a configuration of a
decode signal generation circuit; and

FIG. 10 1s a chart showing operational wavetorms of con-
finement type sense amplifier operation.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

L1
=]

ERRED

Hereinatter, an embodiment of the present mvention will
be described based on the drawings.
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As a semiconductor memory device according to the
embodiment of the present invention, explanation 1s given
below taking a DRAM having memory cells of one transistor/
one capacitor type as an example.

FI1G. 1 1s a block diagram showing a configuration example
of the semiconductor memory device according to the
embodiment of the present invention.

As shown 1 FIG. 1, the semiconductor memory device
according to this embodiment has a command nput circuit
11, an address 1input circuit 12, a data input/output circuit 13,
a control circuit 14, and a memory core 15.

The command mput circuit 11 recerves chip enable signals
(/CE1, CE2), an output enable signal (/OE), and a write
enable signal (/WE) as external commands CMD. The com-
mand 1nput circuit 11 decodes a recerved external command
CMD and outputs a decoding result as an internal command
signal to the control circuit 14. As commands indicated by
internal command signals, there are a read command, a write
command, and so forth.

The address mput circuit 12 recerves an external address
signal ADD via an address terminal and supplies the received
external address signal ADD to the control circuit 14.

During data read operation, the data input/output circuit 13
outputs read data transferred from the memory core 15 via a
data bus as a data signal DAT via an external data terminal.
Further, during data write operation, the data input/output
circuit 13 receives write data inputted as data signal DAT via
the external data terminal and transiers the recerved write data
to the memory core 135 via the data bus. Data input/output
operation 1n the data mput/output circuit 13 1s performed
based on instruction from the control circuit 14.

In response to an internal command s1gnal (read command,
write command, or the like) supplied from the command
input circuit 11 and a refresh command generated inside the
semiconductor memory device, the control circuit 14 gener-
ates a timing signal for performing data read operation and
data write operation to the memory core 135, and supplies the
generated timing signal to the memory core 15, and so forth.
Further, the control circuit 14 decodes the external address
signal ADD supplied from the address input circuit 12 and
supplies a decode signal thereof to the memory core 15.

When a read command or a write command as the internal
command conflicts with the refresh command which 1s gen-
crated internally, the control circuit 14 has an arbitration
function to perform arbitration between these commands.
Note that the refresh command 1s generated periodically by a
not-shown refresh timer.

The control circuit 14 has a circuit as shown m FIG. 3 for
adjusting start timing of confinement operation or the like 1n
confinement type sense amplifier operation. This circuit
related to timing adjustment of the confinement operation
will be described later.

The memory core 15 has a memory cell array 16, a row
decoder 17, a sense amplifier 18, and a column decoder 19.
The memory cell array 16 has a plurality of memory cells
(dynamic memory cells) arranged 1n an array form, and each
memory cell has one transfer transistor and one capacitor for
storing data. Further, the memory cell array 16 has word lines
connected respectively to gates of the transier transistors of
the memory cells and bit lines connected respectively to data
input/output nodes of the transfer transistors.

Therow decoder 17 selects one word line from the plurality
of word lines 1n response to a row decode signal as a supplied
decode signal.

During data read operation for example, the sense amplifier
18 amplifies potentials (data signal) of bit lines according to
data read from the memory cells. At this time, the sense
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amplifier 18 performs confinement operation to disconnect
the bit lines 1n the sense amplifier and the bit lines on the
memory cell side and, after the amplification of the potentials
of the bit lines 1s completed, reconnect the bit lines 1n the
sense amplifier to the bit lines on the memory cell side, to
thereby amplify the potentials of the bit lines.

In response to a column decode signal as a supplied decode
signal, the column decoder 19 outputs a control signal so as to
control column gates for transmitting read data amplified by
the sense amplifier 18 read into the bit lines to the data bus, or
transmitting write data supplied via the data bus to the bit
lines.

FIG. 2 1s a circuit diagram showing a configuration of a
sense amplifier in this embodiment.

The sense amplifier 21 has an N-channel sense amplifier 22
for detection/amplification and a P-channel sense amplifier
23 for restoration.

The N-channel sense amplifier 22 has two N-channel MOS
transistors (also referred to as NMOS transistors below) M1,
M2 with respective gates and drains being cross-coupled. The
NMOS transistor M1 has a drain connected to a bit line BL0O
in the sense amplifier 21 and a gate connected to a bit line
/BL0 1n the sense amplifier 21. The NMOS transistor M2 has
a drain connected to the bit line /BL0 and a gate connected to
the bitline BLO. The sources of the NMOS transistors M1 and
M2 are connected in common to the source of an NMOS
transistor M3 having a gate supplied with a sense amplifier
activation signal LEZ. The drain of the NMOS transistor M3
1s connected to a reference potential Vss.

The P-channel sense amplifier 23 has two P-channel MOS
transistors (also referred to as PMOS transistors below) M4,
M5 with respective gates and drains being cross-coupled. The
PMOS transistor M4 has a drain connected to the bit line BL.0,
and a gate connected to the bit line /BL0. The PMOS transis-
tor M5 has a drain connected to the bit line /BL0 and a gate
connected to the bit line BL0. The sources of the PMOS
transistors M4 and M3 are connected in common to the source
of a PMOS transistor M6 having a gate supplied with a sense
amplifier activation signal LEX. The drain of the PMOS
transistor M6 1s connected to power supply voltage Vii.

The pair of bit lines BLL0, /BL0 1n the sense amplifier 21 are
connected to a pair of bit lines BLL1, /BL1 1n a first memory
block (memory cell side) via a gate circuit (switch circuit)
24-1 having NMOS transistors M7, M8. Specifically, the bit
line BLO 1n the sense amplifier 21 1s connected to the bit line
BL1 on the memory cell side via a transfer gate constituted by
the NMOS transistor M7 having a gate supplied with a control
signal MUX1. The bit line /BL0 1n the sense amplifier 21 1s
connected to the bit line /BL1 on the memory cell side via a
transier gate constituted by the NMOS transistor M8 having
a gate supplied with the control signal MUX1.

In other words, the pair of bit lines BLL0, /BL0 1n the sense
amplifier 21 and the pair of bit lines BL1, /BL1 on the
memory cell side are connected 1n a disconnectable manner
such that whether to electrically connect or disconnect the bit
lines can be switched according to the control signal MUX1.

When the control signal MUX1 1s at a hugh level (“H”), the
pair of bit lines BL0, /BL0 and the pair of bit lines BLL1, /BL.1
are connected. When the control signal MUX1 1s at a low
level (L"), the pair of bit lines BLO, /BL0 and the pair of bat
lines BL1, /BL1 are disconnected.

To the pair of bit lines BLL1, /BL1 in the first memory block,
a precharge/equalize circuit 25-1 1s connected for precharg-
ing and equalizing the pair of bit lines to a predetermined
potential (for example, 2 of the power supply voltage Vii).
The precharge/equalize circuit 25-1 has three NMOS transis-
tors M9, M10, M11 each having a gate supplied with an
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equalize signal EQL1. The precharge/equalize circuit 25-1
precharges and equalizes the pair of bit lines to the predeter-
mined potential by turming of the NMOS transistors M9,
M10, M10 to on states according to the equalize signal EQL1.

Further, a plurality of word lines WL are arranged so as to
cross the pair ot bit lines BLL1, /BL1 1n the first memory block,
and amemory cell 26 1s provided at each intersection of the bit
lines BLL1 and /BLL1 and one of the word lines WL. The
memory cell 26 has an NMOS transistor NT as a transier
transistor and a cell capacitor Cell. One end of the cell capaci-
tor Cell 1s connected to the bit line BLL1 via the transier
transistor N'T having a gate connected to the word line WL,
and the other end thereot 1s connected to a cell plate potential
Vpl. Here, the connection node of the transfer transistor N'T
and the one end of the cell capacitor Cell 1s referred to as a
storage node STN in the memory cell.

A second memory block 1s constructed similarly to the first
memory block. Specifically, a pair of bit lines BL2, /BL2 in
the second memory block (memory cell side) 1s connected in
a disconnectable manner to the pair of bit lines BL0, /BL0 1n
the sense amplifier 21 via a gate circuit 24-2, and a precharge/
equalize circuit 25-2 1s connected to the pair of bit lines BL2,
/BL2 1n the second memory block. Further, in the second
memory block, although not shown, a plurality of word lines
WL are arranged so as to cross the pair of bit liens BL2, /BL2,

and a memory cell 1s provided at each intersection of the bit
lines BL.2 and /BL2 and one of the word lines WL.

Further, the bit lines BLO, /BL0 1n the sense amplifier 21
are connected to local data buses LDB via column gates
constituted of NMOS transistors M12, M13 each having a
gate connected to a column selection line CSL. Selecting the
column selection line CSL turns the column gates to on states,
and potentials of the bit lines BL.0, /BL0 are outputted to the
local data buses LDB.

FI1G. 3 1s a diagram showing a circuit configuration related
to timing adjustment of the confinement operation in the
confinement type sense amplifier operation 1n this embodi-
ment.

There are provided the first and second memory blocks 32,
33 cach having a plurality of memory cells in connection with
the sense amplifier 31. The bit lines (BLO0, /BL0) in the sense
amplifier 31 and the bit lines (BLL1, /BL1) 1n the first memory
block 32 are connected as shown in FIG. 2 via the transier
gates which are on/off-controlled by the control signal
MUX1. The bit lines (BLO, /BL0) in the sense amplifier 31
and the bit lines (BL1, /BL1) on the memory cell side turn to
connected states when the control signal MUX1 1s “H”, and
turn to disconnected states when the control signal MUX1 1s
“L”.

Similarly, the bit lines (BL0, /BL0) 1n the sense amplifier
31 and the bit lines (BLZ /BL2) 1n the second memory block
33 are connected via the transfer gates which are on/oil-
controlled by a control signal MUX2. The bit lines (BLO,
/BL0) 1n the sense amplifier 31 and the bit lines (BL2, /BL2)
on the memory cell side turn to connected states when the

control signal MUX2 1s “H”, and turn to disconnected states
when the control signal MUX2 15 “L”.

The control signal MUX1 1s outputted by a first MUX

control circuit 34 and the control signal MUX2 1s outputted
by a second MUX control circuit 35. Memory block selection
signals BSEL1, BSEL2, and timing control signals TSAE,
/MUXBST are mputted to the MUX control circuits 34, 35,
and based on these inputted signals, the MUX control circuits
34, 35 generate and output the control signals MUX1, MUX2,
respectively. The MUX control circuits 34, 35 constitute a
switch control circuit according to the present invention.
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Here, the memory block selection signals BSEL1, BSEL?2
are “L”” when not being selected, where only memory block
selection signal BSEL1 turns t6 “H” when the first memory
block 32 1s to be selected, and only memory block selection
signal BSEL2 turns to “H”” when the second memory block 33
1s to be selected.

The timing control signal TSAE 1s a signal indicating tim-
ing to turn the control signals MUX1, MUX2 from “H” to
“L”, namely, timing to disconnect the bit lines 1n the sense
amplifier and the bit lines on the memory cell side (start
timing of the confinement operation) in the confinement type
sense amplifier operation. The timing control signal /MUX-
BST 1s a signal of negative logic and 1s a signal showing
timing to turn the control signals MUX1, MUX2 to “H” again
aiter the confinement operation 1n the sense amplifier opera-
tion. In other words, the timing control signal / MUXBST 1s a
signal showing timing to reconnect the bit lines 1n the sense
amplifier and the bit lines on the memory cell side.

The timing control signal TSAE 1s outputted from the
timing adjustment circuit 36. The timing adjustment circuit
36 delays a signal psaez corresponding to an activation signal
for the sense amplifier 31 by a set delay amount as will be
described later, and outputs it as the timing control signal
TSAE.

FIG. 4 1s a circuit diagram showing the configuration of the
MUX control circuit. FIG. 4 shows the first MUX control
circuit 34 which generates and outputs the control signal
MUX1 according to the first memory block 32 1n FIG. 3. Note
that the second MUX control circuit 35 which outputs the
control signal MUX2 1s constituted similarly by exchanging
the memory block selection signals BSEL1, BSEL2 and
changing the control signal MUX1 to the control signal
MUX2.

The timing control signal / MUXBST 1s supplied to the gate
of a PMOS transistor M21 via inverters 41, 42, 43, 44 con-
nected 1n series. Note that the inverters 41, 42, 43, 44 are
connected 1n this order from an mnput node for the timing
control signal /MUXBST toward the gate of the PMOS tran-
sistor M21. The PMOS transistor M21 has a source supplied
with power supply voltage Vpp higher than the power supply
voltage Vi1, and a drain connected to an output node of the
control signal MUX1.

The memory block selection signal BSEL2 1s supplied to
the gate of an NMOS transistor M22 via inverters 45, 46. The
NMOS transistor M22 has a source connected to the refer-
ence potential Vss and a drain connected to the output node of
the control signal MUX1.

Further, the memory block selection signal BSEL?2 1s sup-
plied to the gate of a PMOS transistor M23 and the gate of an
NMOS transistor M24, and also supplied to the gate of an
NMOS transistor M25 via the iverter 45. The source of the
PMOS transistor M23 and the source of the NMOS transistor
M23 are connected to the connection point o the output of the
inverter 42 and the iput of the inverter 43. The drain of the
PMOS transistor M23 and the drain of the NMOS transistor
M24 are connected, and the source of the NMOS transistor
M24 1s connected to the reference potential Vss.

The connection point of the drain of the PMOS transistor
M23 and the drain of the NMOS transistor M24 as well as the
drain of the NMOS transistor M235 are connected to one mnput
end of a NAND circuit (negative AND circuit) 47, and also
connected to one mput end of a NOR circuit (negative OR
circuit) 49 via an inverter 48.

The memory block selection signal BSEL1 and the timing,
control signal TSAE are inputted to a NAND circuit 50. An
output of the NAND circuit 50 1s supplied to the other input
end of the NAND circuit 47 and the other mput end of the
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NOR circuit 49 via a level conversion circuit 51 and an
inverter 52. Here, the level conversion circuit 51 makes the
potential of an outputting “H” signal be the power supply
voltage Vpp, and a signal inputted thereto 1s inverted 1n logic
by an internal signal transmission path and outputted.

An output of the NAND circuit 47 1s supplied to the gate of
a PMOS transistor M26. The PMOS transistor M26 has a
source supplied with power supply voltage Voo lower than the
power supply voltage Vpp, and a drain connected to the
output node of the control signal MUX1.

Further, an output of the NOR circuit 49 1s supplied to the
gate of an NMOS transistor M27. The NMOS transistor M27
has a source connected to the reference potential Vss via a
diode-connected NMOS transistor M28, and a drain con-
nected to the output node of the control signal MUX1.

By constructing the MUX control circuit 34 as above, the
PMOS ftransistor M21 turns to an on state only when the
timing control signal /MUXBST 1s “L”’, and the NMOS tran-
sistor M22 turns to an on state only when the memory block
selection signal BSEL1 1s “H”. Further, the PMOS transistor
M26 turns to an on state when at least one of the memory
block selection signal BSEL1 and the timing control signal
TSAE 1s “L”, and the memory block selection signal BSEL?2
1s “L”, and the timing control signal /MUXBST 1s “H”. Fur-
ther, the NMOS transistor M27 turns to an on state when the
memory block selection signal BSEL1 and the timing control
signals TSAE, /MUXBST are “H”, and the memory block
selection signal BSEL?2 1s “L”.

Therefore, when neither of the first and second memory
blocks 1s selected, the memory block selection signals
BSEL1, BSEL2 are both “L”” and the timing control signal
/MUXBST 1s “H”, and hence the transistor M26 turns to an on
state and the transistors M21, M22, M27 turn to off states.
Theretore, the control signal MUX1 turns to “H” (voltage
Voo).

Further, when the first memory block 1s selected, the
memory block selection signal BSEL1 turns to “H”, and the
memory block selection signal BSEL2 turns to “L”.

In this state, 1n data read operation for example, since the
timing control signals TSAE 1s “L” and the timing control
signal /MUXBST 1s “H” belore the confinement operation 1n
the sense amplifier 1s started, the transistor M26 turns to an on
state and the transistors M21, M22, M27 turn to off states.
Therefore, the control signal MUX1 turns to “H” (voltage
Voo).

Then, when the timing control signal TSAE changes from
“L” to “H” at ttiming to start the confinement operation, the
transistor M27 turns to an on state, and the transistors M21,
M22, M26 turn to off states. Therefore, the control signal
MUX1 turns to “L”.

Subsequently, when the timing control signal /MUXBST
changes from “H” to “L”, the transistor M21 turns to an on
state, and the transistors M22, M26, M27 turn to off states.
Therefore, the control signal MUX1 turns to “H” (voltage
Vpp).

FIG. 5 1s a circuit diagram showing a configuration of the
timing adjustment circuit.

In FIG. 5, the inputted signal psaez 1s a signal correspond-
ing to the sense amplifier activation signal, and 1s activated at
the same timing as the sense amplifier activation signal. The
signal psaez 1s supplied to one input of a NAND circuit 63 and
gates of a PMOS ftransistor M31 and an NMOS transistor
M32 via inverters 61, 62 connected 1n series.

The PMOS ftransistor M31 has a source supplied with the
power supply voltage Vi1, and a drain connected to the drain
of the NMOS transistor M32. The NMOS transistor M32 has

a source connected to the drain of an NMOS transistor M33.
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The NMOS transistor M33 has a source connected to the
reference potential Vss, and a gate supplied with a signal Vref
having a predetermined potential, thereby functioning as a
constant current source.

The connection point of the drain of the PMOS transistor

M31 and the drain of the NMOS transistor M32 are connected
to the other input of the NAND circuit 63 via an inverter 64.
An output end of the NAND circuit 63 1s connected to an
output node of the timing control signal TSAE via an inverter
65. In other words, an output of the NAND circuit 63 1s
inverted and outputted as the timing control signal TSAE.

Here, to the mnput node of the mnverter 64, capacitances C1,
C2 each constituted of an NMOS transistor are connected via
transier gates 66, 67 each constituted of a pair of NMOS
transistor and PMOS transistor. Here, capacitance values of
the capacitance C1 and the capacitance C2 may be the same,
but are preferred to be different for increasing variations of a
delay amount which will be described later.

The transfer gates 66, 67 are controlled by trimming sig-
nals trim0, trim1 outputted by programmable elements 68,
69. The programmable elements 68, 69 are each constituted
of a fuse circuit or the like. When the fuse circuit 1s used, the
trimming signals trim0, trim 1 can be controlled by selecting,
and cutting a fuse, or the like.

With the timing adjustment circuit constructed as above,
the NMOS transistor M33 1s made to function as a constant
current source by supplying the signal Vref having a prede-
termined potential to the gate thereol, and the transier gates
66, 67 are on/oil-controlled by the trimming signals trim0,
trim1 outputted according to setting, thereby increasing/de-
creasing the capacitance at the input node of the inverter 64.
Using a delay circuit employing such a constant current
source, a delay amount until the timing control signal TSAE
changes can be controlled relative to the change of the signal
psaez, thereby enabling adjustment of timing to start the
confinement operation in the sense amplifier.

Next, operation of the semiconductor memory device
according to this embodiment will be described. In the fol-
lowing, only read operation in the semiconductor memory
device according to this embodiment 1s explained.

FIG. 6 1s a chart showing operational wavetorms of the
semiconductor memory device of this embodiment. In FIG. 6,
operational waveforms according to the confinement type
sense amplifier operation i1n read operation to the first
memory block 1s shown as an example.

First, before starting the read operation (data sense opera-
tion) to the first memory block (for example, time 1T1), the
memory block selection signals BSEL1, BSEL2, and the
timing control signal TSAE are “L”, and the timing control
signal / MUXBST 1s “H”, and hence the control signal MUX1
maintains “H” (voltage Voo). The word lines WL in the
memory cell array are 1n non-selected states, and the sense
amplifier activation signal LEZ 1s 1n an 1nactive state. There-
fore, the bit lines BL0, /BL0 1n the sense amplifier and the bat
lines BLL1, /BL1 on the memory cell side are connected, and
are also precharged and equalized to a predetermined poten-
tial by the precharge/equalize circuit. Note that the control
signal MUX2, which 1s not shown, also maintains “H” (volt-
age Voo).

Then, when the read operation to the first memory block 1s
started, one of the word lines WL 1s selected due to change of
the memory block selection signal BSEL1 to “H” (time T2),
and data stored 1n a related memory cell 1s outputted to the bat
lines. At this time, since the memory block selection signal
BSELI1 and the timing control signal / MUXBST are “H”, and
the memory block selection signal BSEL?2 1s “L.”, the control
signal MUX1 maintains “H” (voltage Voo). Therefore, the
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transier gates 1n the gate circuit connecting the bit lines BLO,
/BL0 1n the sense amplifier and the bit lines BLL1,/BL1 on the
memory cell side are 1n on states, and the bit lines BLLO, /BL0
in the sense amplifier and the bit lines BL1, /BL1 on the
memory cell side are connected.

On the other hand, although not shown, the control signal
MUX2 turns to “L” (voltage Vss) and 1s maintained during a
period in which the memory block selection signal BSEL1 1s
“H”. Theretore, the transier gates in the gate circuit connect-
ing the bit lines BLO, /BL0 1n the sense amplifier and the bit
lines BL2, /BL2 on the memory cell side turn to oif states, and
the bit lines BLO, /BL0 1n the sense amplifier and the bit lines

BL2, /BL2 on the memory cell side are disconnected.

Thereafter, when the sense amplifier activation signal LEZ
1s turned to “H” so as to activate the sense amplifier (time'T3),
the signal psaez corresponding to the sense amplifier activa-
tion signal LEZ 1s also activated. Accordingly, being delayed
by the timing adjustment circuit 36 by a delay amount
adjusted by the trimming signals trim0, trim1 according to
setting, the timing control signal TSAE 1s turned to “H”. Due
to the change of the timing control signal TSAE from “L” to
“H”, the control signal MUX1 turns to “L”. In other words,
when the set delay amount (according to a capacitance to be
added to the input node of the inverter 64 shown in FI1G. 5) 1s
clapsed (FIG. 6 shows a case of delay amounts 0, D1, D2)
aiter turning the sense amplifier activation signal LEZ to “H”,
the control signal MUX1 turns to “L”.

Therefore, the transfer gates in the gate circuits which
connect the bit lines BL0, /BL0 1n the sense amplifier and the
bit lines BL1, /BL1 on the memory cell side turn to off states,
and the bit lines BL.0, /BL0 1n the sense amplifier and the bat
lines BLL1, /BL1 on the memory cell side are disconnected.

Then, amplification of only the bit lines BL0O, /BL0 in the
sense amplifier 1s performed.

Then, after the amplification of the bit lines BL0, /BL0 in
the sense amplifier 1s completed, the timing control signal
/MUXBST 1s turned to “L” so as to turn the control signal
MUX1 to “H” again (voltage Vpp), thereby connecting the bit
lines BLO, /BL0 1n the sense amplifier and the bit lines BL1,
/BL1 on the memory cell side (time T4). In this way, ampli-
fication results 1n the bit lines BLL0, /BL0 1n the sense ampli-
fier are transmuitted to the bit lines BLL1, /BL1 on the memory
cell side, thereby restoring the storage node STN 1n the
memory cell.

Subsequently, the word line 1s turned to a non-selected
state (time T3), and the operation 1s completed. At this time,
the memory block selection signals BSEL1, BSEL2, and the
timing control signal TSAE turn to “L”, and the timing con-
trol signal /MUXBST turns to “H”. Theretfore, the control
signals MUX1, MUX2 both turn to “H” (voltage Voo).

FIG. 7 1s a chart showing an example of a test flow on the
semiconductor memory device 1n this embodiment.

When a timing changing test 1s performed using delay
adjustment by the timing adjustment circuit 36 1n a test pro-
cess on the semiconductor memory device, a testing appara-
tus 1s used to make an entry 1nto a test mode so as to change
timing related to the confinement operation 1n read operation
to timing different from normally used timing (S11). This
change of timing 1s realized by the above-described trimming
signals trim0, trim1. Specifically, in the timing test, the pro-
grammable elements 68, 69 may be set so that the trimming
signals trim0, trim1 adjusted to desired timing to be changed
are outputted. Further, the entry into the test mode may be
performed by an external command CMD, or a mode terminal
or the like for transition to the test mode may be provided and
used 1n the semiconductor memory device.
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After the timing related to the confinement operation 1s
changed, actual read operation 1s performed 1n the semicon-
ductor memory device (S12). Then, based on aread result, the
testing apparatus judges pass/fail at the changed timing (S13).
When the result of judgment 1s “pass™, the test 1s completed,
and when 1t 1s “fail”, redundancy 1s given to relieve this sense
amplifier (514).

As above, according to this embodiment, by providing the
timing adjustment circuit 36 so as to allow adjustment of
timing of the confinement operation 1n the confinement type
sense amplifier operation, the timing of the confinement
operation can be set to severe timing which accelerates a
defect 1in evaluation/testing. Therefore, 1n addition to obvi-
ously defective items, 1t 1s possible to detect a product which
can be defective 1n the evaluation/testing, thereby allowing
prevention of such a low quality product from being shipped.
Further, 1t 1s possible to adjust the timing of the confinement
operation to optimum timing in which manufacturing vari-
ability and the like are taken into account, thereby improving
yields thereof.

Note that the configuration of the timing adjustment circuit
36 shown in FIG. 5 1s an example, and the present invention 1s
not limited thereto. For example, the timing adjustment cir-
cuit 36 may be constructed using a delay circuit employing
CR (capacitor-resistor) elements as shown 1n FIG. 8 and FIG.
9.

FIG. 8 1s a circuit diagram showing another configuration
of the timing adjustment circuit.

In FIG. 8, an inputted signal psaez 1s the same as the signal
psaez shown 1n FIG. 5, and 1s supplied to one input ends of a
NAND circuit 72 via inverters 70, 71 connected 1n series.
Further, the signal psaez 1s supplied to one input ends of
NAND circuits 73, 74, 75, 76 via the inverters 70, 71 con-

nected 1n series. To the other input ends of the NAND circuits
73, 74, 75, 76, decode signals dec3, dec2, decl, decO are
supplied respectively.

A NAND circuit 77 1s supplied with power supply voltage
V11 at 1its one mput end, and supplied with an output of the
NAND circuit 73 at its other mput end. An output of the
NAND circuit 77 1s supplied to one input end of a NAND
circuit 79 via an inverter 78 and resistor R3. The NAND
circuit 79 1s supplied with an output of the NAND circuit 74
at 1ts other 1nput end, and an output thereot 1s supplied to one
input end of a NAND circuit 81 via an inverter 80 and a
resistor R2.

Similarly, the NAND circuit 81 1s supplied with an output
of the NAND circuit 75 at its other input end, and an output
thereol 1s supplied to one mput end of a NAND circuit 83 via
an inverter 82 and a resistor R1. The NAND circuit 83 1is
supplied with an output of the NAND circuit 76 at its other
input end, and an output thereotl 1s supplied to the other input
end of the NAND circuit 72 via an inverter 84, a resistor R0,
and an mverter 85. An output end of the NAND circuit 72 1s
connected to an output node of the timing control signal
TSAE wvia an mverter 86. In other words, an output of the
NAND circuit 72 1s inverted and outputted as the timing
control signal TSAE.

Here, capacitances C13, C12, C11, C10 constituted of
NMOS ftransistors are connected respectlvely to the afore-
mentioned one input ends of the NAND circuits 79, 81, 83,
and an mput end of the mverter circuit 85.

Further, the decode signals dec3, dec2, decl, decO are
generated by the decode signal generation circuit shown 1n
FIG. 9.

Respective mverted signals of the trimming signals trim0,
trim1 outputted by programmable elements 87, 88 are input-

ted to a NAND circuit 89, and an output of the NAND circuit




US 7,570,531 B2

11

89 1s outputted as the decode signal dec0 via an 1nverter. A
signal having the same polarity as the trimming signal trim@
and an iverted signal of the trimmuing signal trim1 are input-
ted to a NAND circuit 90, and an output of the NAND circuit
90 1s outputted as the decode signal decl via an inverter.
Further, an mverted signal of the trimming signal trim0 and a
signal having the same polarity as the trimming signal trim1
are mputted to a NAND circuit 91, and an output of the
NAND circuit 91 1s outputted as the decode signal dec2 via an
inverter. Similarly, signals having the same polarity as the
trimming signals trim0, trim1 are mputted to a NAND circuit
92, and an output of the NAND circuit 92 1s outputted as the
decode signal dec3 via an inverter.

Specifically, the decode signal generation circuit shown 1n
FIG. 9 decodes the trimming signals trim0, trim1 outputted
by the programmable elements 87, 88 and turns one of the
decode signals dec3, dec2, decl, decO to “H”. Here, the
programmable elements 87, 88 are each constituted of a fuse
circuit or the like. When the fuse circuit 1s used, the trimming
signals trim0, trim 1 can be controlled by selecting and cut-
ting a fuse.

By constructing the timing adjustment circuit 36 as shown
in FI1G. 8 and FIG. 9, effects similar to the above-described
embodiment can be obtained. In the timing adjustment circuit
36 as shown in FIG. 8, when the decode signal dec3 1s “H”, 1n
other words the trimming signals trim0, trim1 are both “H”,
the start timing of the confinement operation becomes the
latest, and when the decode signal dec0 1s “H”, 1n other words
the trimming signals trim0, trim1 are both “L”, the start
timing of the confinement operation becomes the earliest.

Further, in the above-described embodiment, the explana-
tion taking the DRAM as an example 1s given, but the present
invention 1s not limited to this. The present invention may also
be applied to a semiconductor memory device which per-
forms restore operation of writing data to a memory cell from
which the data 1s read during data read operation.

According to the present invention, by providing the timing
adjustment circuit to allow adjusting of timing of confine-
ment operation, the timing of confinement operation can be
set to severe timing or optimum timing, and thus 1t 1s possible
to detect a product which can be defective by accelerating a
defect during evaluation/testing and to improve vields
thereol.

The present embodiments are to be considered in all
respects as illustrative and no restrictive, and all changes
which come within the meaning and range of equivalency of
the claims are therefore intended to be embraced therein. The
invention may be embodied in other specific forms without
departing from the spirt or essential characteristics thereof.

What 1s claimed 1s:

1. A semiconductor memory device, comprising:

a memory cell array having a plurality of bit lines, a plu-
rality of word lines arranged so as to cross the bit lines,
and a plurality of memory cells arranged at respective
intersections of the bit lines and the word lines;

a sense amplifier connected to the bit lines of said memory
cell array 1n a disconnectable manner, said sense ampli-
fier performing confinement operation to disconnect the
bit lines of said memory cell array and amplify a data
signal during data sense operation from the memory
cells; and

a timing adjustment circuit adjusting timing related to the
confinement operation in said sense amplifier.
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2. The semiconductor memory device according to claim 1,

wherein after amplification of a signal 1n the confinement
operation 1s completed during the data sense operation,
said sense amplifier 1s reconnected to the bit lines of said
memory cell array.

3. The semiconductor memory device according to claim 1,

wherein said timing adjustment circuit adjusts timing to
start the confinement operation.

4. The semiconductor memory device according to claim 3,

wherein said timing adjustment circuit delays a control
signal corresponding to an activation signal of said sense
amplifier and outputs the control signal so as to instruct
the timing to start the confinement operation.

5. The semiconductor memory device according to claim 4,

wherein said timing adjustment circuit includes a delay
circuit using a constant current source which delays the
control signal.

6. The semiconductor memory device according to claim 4,

wherein said timing adjustment circuit icludes a delay
circuit using a capacitor-resistor element which delays
the control signal.

7. The semiconductor memory device according to claim 4,

wherein said timing adjustment circuit 1s capable of chang-
ing a delay amount related to the control signal accord-
ing to a set value.

8. A semiconductor memory device, comprising:

a memory cell array having a plurality of bit lines, a plu-
rality of word lines arranged so as to cross the bit lines,
and a plurality of memory cells arranged at respective
intersections of the bit lines and the word lines;

a sense amplifier performing confinement operation to dis-
connect the bit lines of said memory cell array and
amplily a data signal during data sense operation from
the memory cells;

a timing adjustment circuit adjusting timing related to the
coniinement operation in said sense amplifier;

a switch circuit connecting the bit lines of said memory cell
array and bit lines of said sense amplifier; and

a switch control circuit controlling opening/closing of said
switch circuit based on a timing control signal from said
timing adjustment circuit.

9. The semiconductor memory device according to claim 8,

wherein said timing adjustment circuit adjusts timing to
start the confinement operation.

10. The semiconductor memory device according to claim
9.
wherein said timing adjustment circuit delays a control
signal corresponding to an activation signal of said sense
amplifier by a delay circuit and outputs the control signal
as a timing control signal.

11. The semiconductor memory device according to claim
10,

wherein said delay circuit 1s a delay circuit using a constant
current source.

12. The semiconductor memory device according to claim
10,

wherein said delay circuit 1s a delay circuit using a capaci-
tor-resistor element.

13. The semiconductor memory device according to claim
8,
wherein said timing adjustment circuit uses a program-

mable element to adjust the timing related to the con-
finement operation.
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14. The semiconductor memory device according to claim

9,
wherein said timing adjustment circuit has a fuse circuit,
and changes timing to start the confinement operation

14

disconnect the bit lines of the memory cell array and amplity
a data signal during data sense operation from the memory
cells, and a timing adjustment circuit adjusting timing related
to the confinement operation, the method comprising, when

according to whether a fuse in said fuse circuit is cut off 5 performing a test on the semiconductor memory device:

Or not.

15. The semiconductor memory device according to claim

8.
wherein adjustment of the timing related to the confine-
ment operation by said timing adjustment circuit can be
performed 1n a test condition 1n which said semiconduc-

tor memory device 1s different from a normal operation
state.

16. A method of controlling timing in a semiconductor .

memory device, the semiconductor memory device having a
sense amplifier connected to bit lines of a memory cell array
having a plurality of memory cells 1n a disconnectable man-
ner, the sense amplifier performing confinement operation to

a timing changing step of changing the timing related to the
coniinement operation to timing different from normally
used timing; and

a judging step of performing data sense operation at timing,
changed in said timing changing step and performing
defective/non-defective judgment on the sense amplifier
based on a sense result.

17. The method of controlling timing according to claim

16, further comprising;:

a redundancy relieving step of giving redundancy to a sense
amplifier which 1s judged as defective 1n said judging
step.



	Front Page
	Drawings
	Specification
	Claims

